sity in 1999. Jaypee (PI 658509 MAP) was developed and released by the University of Arkansas and registered by Bacon et al. (1998) . The U/J population segregates for adult plant resistance to powdery mildew (APR-PM) [caused by Blumeria graminis (DC.) E.O. Speer], adult plant resistance to leaf rust (APR-LR) (caused by Puccinia triticina Eriks.), and soft wheat milling and baking quality traits. Genetic linkage maps of this population were created to identify APR-PM, APR-LR, and milling and baking quality quantitative trait loci (QTL) as part of the WheatCAP consortium (http://maswheat.ucdavis.edu/ [verifi ed 23 Nov. 2009] ). The genetic marker data collected on this population has been submitted to the GrainGenes database (http://wheat. pw.usda.gov [verifi ed 23 Nov, 2009] ) and includes data from both microsatellite and diversity array technology (DArT) markers.
Parents
USG 3209 was derived from the cross 'Saluda' (PI 480474, Starling et al., 1986 )/4/'Massey' (CItr 17953, Starling et al., 1984 )*2/3/Massey*3/'Balkan'//Saluda. USG 3209 is a moderately early maturing, short-stature semidwarf (gene Rht2) soft red winter wheat having blue-green plant color and tip-awned spikes. USG 3209 is resistant to powdery mildew (Tucker et al., 2006) and stem rust (caused by Puccinia graminis Pers.:Pers. f. sp. tritici Eriks. & E. Henn.), and moderately resistant to barley yellow dwarf virus, soilborne mosaic virus, and wheat spindle streak mosaic virus. Seedling disease reaction tests conducted using differential isolates of B. graminis at the USDA-ARS Plant Research Unit in Raleigh, NC, confi rmed that USG 3209 possesses genes Pm3a (from Saluda), Pm8 (from Balkan), and other unidentifi ed genes for seedling mildew resistance (Tucker et al., 2007) . USG Journal of Plant Registrations, Vol. 4, No. 2, May 2010 3209 has poor soft wheat milling and baking quality scores (Souza et al., 2008) .
The wheat cultivar Jaypee was developed by Bacon et al. (1998) at the University of Arkansas and has the pedigree Arthur 6/AR 39-3 ('Doublecrop'//'Forlani'/'Garibaldo'). Jaypee is an awnletted, early maturing semidwarf (gene Rht2) soft red winter wheat. Jaypee is resistant to leaf rust and soilborne mosaic virus and susceptible to wheat spindle streak mosaic virus. Jaypee is moderately susceptible at the adult plant stage to prevalent populations of powdery mildew found in Virginia (Tucker et al., 2006) . Jaypee has superior milling characteristics and exceptional test weight (http://www.ars.usda.gov/SP2UserFiles/Place/36070500/ InfoDianehasuploaded/SWQL2008ReportPackage.pdf [verifi ed 23 Nov. 2009] ).
Development and Description of the Population
A cross between USG3209 and Jaypee was made in a greenhouse during spring 1997 at Virginia Polytechnic Institute and State University (Tucker et al., 2006) . The F 1 and subsequent generations were planted in the fi eld yearly and advanced to the F 4 generation using a modifi ed bulk breeding method. The F 2 and F 3 generations were grown in 20.8-m 2 blocks at Blacksburg and Warsaw, VA, from which spikes, selected at both locations solely on the basis of desirable plant type (maturity, spike type, and plant height) were harvested, threshed in bulk, and used as a source of seed in subsequent generations. In the F 4 generation, 293 spikes were selected arbitrarily, harvested, and threshed separately to develop RILs. These 293 RILs were planted in 1.4-m rows in the fi eld at Warsaw, VA, in 2002. At maturity, a random head selection from each row was harvested, threshed, and planted during each subsequent year.
In 2006 the 293 F 8:9 RILs of the U/J population and both parents were grown in 1.4-m rows in the fi eld at Warsaw, VA, and evaluated for spike color, awn type, and anther color. Off-type RILs and those segregating for morphological traits were omitted from the population. Plant tissue was collected in the fi eld from both parents and each RIL by bulking tissue from 10 plants in each individual row. DNA was extracted as described by Hall et al. (2009a) and PCR was performed as described by Perugini et al. (2008) using 10 microsatellite primers chosen at random to evaluate the relatedness of the RILs to the parents of the U/J population. Any RIL that contained nonparental alleles at any of the 10 marker loci was discarded from the population. This reduced the original 293 RILs down to 130 RILs that were used for the genetic mapping experiments from 2006 to 2008. Although the RIL mapping population was derived from a preexisting breeding population via a modifi ed bulk method and not by single seed descent, each individual in the population was unique as interrogated at 363 different DArT loci.
Phenotypic data was fi rst collected on the U/J population in 2002 from the F 5:6 generation grown in Warsaw, VA (Tucker et al., 2006) and has since been obtained from many diverse environments in Kentucky, Virginia, Maryland, and North Carolina ( Table 1 ). The population was evaluated for APR-PM in one inoculated greenhouse experiment following the methods outlined in Tucker et al. (2006) . During each fi eld evaluation the U/J population and the parents were grown in replicated 1.4 m single row experiments. APR-PM was evaluated using the James assessment key where 50% is the maximum severity value (James, 1971) . Average powdery mildew severity was scored on F-2 (two leaves below the fl ag leaf) and F-1 leaves (one leaf below the fl ag leaf). APR-LR was evaluated under natural fi eld infections; leaf rust severity (0-100%) was measured using a modifi ed Cobb Scale based on the percentage of leaf area covered by leaf rust pustules.
The U/J population segregates for APR-PM and APR-LR (Table 1) . Disease scores for APR-PM ranged from 0.0 to 47.5% among the RILs. The segregation for APR-PM observed in the population was greater than expected based on the average disease scores of the parents, USG3209 (1.0%) and Jaypee (9.3%). The frequency distribution of RILs illustrates A total of 225 microsatellite markers (Roder et al., 1998 ) and 3 single nucleotide polymorphism markers (Somers et al., 2003) were interrogated on the U/J population. DNA was also extracted and sent to Triticarte (Yarralumla, Australia) for whole genome genotyping with DArT. A total of 363 DArT markers (Akbari et al., 2006) were polymorphic in the U/J population. The genetic linkage map contained 261 mapped loci on 32 linkage groups. The total map distance was 1476.7 cM, resulting in an average distance between two loci around 5 cM. No polymorphic markers were observed on chromosome 7D in the population; therefore, no genetic linkage map could be constructed for chromosome 7D. Quantitative trait locus analysis was conducted on powdery mildew and leaf rust severity data using Windows QTL Cartographer v2.5 (North Carolina State University, Raleigh, NC). Linkage groups were scanned for QTL at a LOD threshold of 3.0 by composite interval mapping using a forward and backward stepwise regression method. Molecular analysis identifi ed 4 QTL for APR-PM and 1 QTL for APR-LR in the U/J population (Hall et al., 2009b) .
Availability
Seed of the U/J RIL mapping population and its parents USG 3209 and Jaypee will be maintained by the Virginia Polytechnic Institute and State University Small Grains Breeding Program, Blacksburg, VA, 24061. A 30-g seed sample from each RIL and a 200-g seed sample from each parent were deposited in the USDA-ARS National Center for Genetic Resources Preservation (GSTR 11001-11132) in 2008. U.S. Plant Variety Protection has been granted for both USG 3209 (Certifi cate No. 200100127) and Jaypee (Certifi cate No. 9600156). Small quantities of seed for research purposes may be obtained that the population is skewed towards resistance but confi rms polygenic quantitative control of APR-PM (Fig. 1) . The skewed distribution of the population may have resulted from partial or complementary resistance conferred by at least two known single major genes (Pm3a and Pm8) segregating in the RILs derived from the parent USG 3209.
The population also segregates for APR-LR, with the most resistant RILs having disease scores of 0% and the most susceptible RILs having disease scores of 100% (Table  1) . Averaged over 10 environments, the disease scores for USG 3209 and Jaypee were 52.9 and 22.3%, respectively. The frequency distribution of APR-LR in the RILs is more normal than the distribution of APR-PM and confi rms the polygenic quantitative control of APR-LR in the population (Fig. 2) .
Genetic Map of the Population
Three QTL for APR-PM were previously identifi ed in the U/J population by Tucker et al. (2007) . Whole genome linkage maps were not completed during the initial identification of these three QTL, nor were any QTL for APR-LR identifi ed in the original mapping experiment. Therefore, a complete linkage map was constructed in 2009 (Hall et al., 2009b ) from all 130 RILs in the U/J population. Linkage groups were fi rst defi ned with JoinMap software (Kyazma, Wageningen, the Netherlands) and then compared to the consensus map of wheat (Somers et al., 2004) . Linkage analysis was conducted with Mapmaker v3.0 software (Whitehead Institute, Cambridge, MA). Map distances were converted to centimorgans using the Kosambi function. Linkage maps were generated using a maximum Kosambi distance of 50 and a minimum LOD of 3.0. from the corresponding author for at least fi ve years from the date of this publication. Appropriate recognition of the source should be noted if the population contributes to research on APR-PM, APR-LR, and soft wheat milling and baking quality or to the development of new genetic stocks, molecular tools, germplasm, or cultivars.
